Division of Environmental Health, National Institute of Radiological Sciences, Chiba 280, Japan (Received April 18, 1978; Revised version received June, 9, 1978) Cobalt/Fetus/Uptake Fetal uptake of 60CoCl2 and 57Co-cyanocobalamin was investigated in different gestation stages of rats.
The fetal uptake of 60CoCl2 24 hrs after administration to pregnant rat slightly increased with the progress of gestation age at the administration but taking account of the growth of the fetus the value expressed in terms of concentration of 60Co 24 hrs after injection decreased on the contrary.
In the case of 57Co-cyanocobalamin the fetal uptake 24 hrs after administration to pregnant rat increased markedly when the time of injection was in later stag of pregnancy.
Fetal accumulation of 57Co-cyanocobalamin increased with time after injection and the retrograde transfer from fetus to mother was not observed. The amount of 57Co -cyanocobalamin in the placenta is the greatest immediately after administration followed by a gradual decrease thereafter.
Since the amount of radiocobalt transferred through placenta in both chemical forms is greater than that accumulated in placenta, this organ does not seem to play a role as a barrier to both forms of radiocobalt.
It was observed that 1-2% of maternal dose of 57Co-cyanocobalamin were transferred to sucklings via milk. The amount of milk-born cyanocobalamin in sucklings is dependent on the gestation age at the time of dosing. In view of the importances of fetal exposure to radiation, the present study was conducted to investigate the fetal uptake of `°CoCl2 and 5 7Co-cyanocobalamin for different gestation stages after a single intravenous administration in the pregnant rats.
INTRODUCTION

MATERIALS AND METHODS
Wistar strain female rats (100-days of age, body weight 250-300g), bred and supplied by the animal and plant supply section of National Institute of Radiological Sciences, were used in this experiment.
The rats were kept in a room with controlled temparature and lighting, and fed a standard cubed diet (Funabashi Farm Co. Funabashi, Chiba) and water ad libitum.
When the presence of a vaginal plug was observed after mating, the gestation period was assumed as day 0. Radiocobalt chloride (6°CoClz) in 1.5 N HC1 with a specific activity of 90 pCi/mg Co was obtained from Japan Radioisotope Association, Tokyo. This material was diluted to 1,UCi per ml of solution with distilled water and 0.5 pCi of this solution, at pH about 2, was admini stered to the rats. Radioactive cyanocobalamin labelled with 57Co (specific activity : 1.0 ,pCi/mg) was purchased from the Radiochemical Centre, Amersham, England. This radioactive cyanocobalamin was diluted to 1 ,pCi/ml of solution with distilled water and 0.5 ,pCi of the solution was administered to each animal.
Immediately after the administration, the rats were placed in a polystylene rat container and the initial activity was determined by means of in vivo counting using a small animal counter (Armac Model-446, Pakard Instrument Co.). Standard samples containing a known amount of °°Co and 57Co were prepared so that the measured activity could be cali brated to a percentage of the initially administered dose.
In the first experiment, °°CoCIZ and 57Co-cyanocobalamin were administered to rats of 14 and 20-days of gestation intravenously. The rats were sacrificed 24 hrs after administration and investigated on the uptake of each radionuclides to the whole product of conceptus of the rat with respect to its placenta, fetal membrane and fetal fluid by the small animal counter. In the second experiment, 140 pregnant female rats were administered with 0.5 ,pCi of 57Co-cyanocobalamin via tail vein on the 13th to 20th day of gestation in order to study the relationship between gestational age and conceptus uptake of 57Co. This experimental design was summarized in Table 1 . Whole product of the conceptus was sampled periodically from each pregnant rat group and the uptake of 57Co cyanocobalamin in the whole product of conceptus was determined.
The value was presented as a percentage of initial maternal dose.
In the third experiment, 57Co-cyanocobalamin was administered to rats of 7-, 14
and 20-days of gestation intravenously via tail vein as a single tracer dose of 0.5 pCi.
In order to perform a comparative study on the amount of 57Co transferred into pups through placenta and milk, the foster mother method was adopted. 1) The suckling rats which were born of a 57Co-cyanocobalamin contaminated mother and nursed by the same mother received 57Co through both placenta and milk.
2) The sucklings which were born of 57Co-cyanocobalamin contaminated mother and nursed by an intact foster mother soon after birth received only transplacental 5iCo.
3) The sucklings which were born of an intact foster mother and nursed by a 57Co cyanocobalamin contaminated mother soon after birth received 57Co only from milk. The amount of transferred 67Co was presented as a percentage of initial maternal dose. 
RESULTS
The uptake of 60CoC12 and 57Co-cyanocobalamin in the conceptus 24 hrs after intravenous administration to rats of 14 and 20-days of gestation is shown in Table  2 . The uptake of 57Co-cyanocobalamin in the placenta 24 hrs after administration was much greater than that of 60CoC12 for rats of both 14 and 20-days of gestation.
The uptake of 60CoCl2 and 57Co-cyanocobalamin in both the fetal membrane and fetal fluid was not very different.
The fetal uptake of 60CoC12 24 hrs after administration to the rat of 14-days of gestation was 0.27°0 of dose and slightly increased to 0.32°0 of dose for rat of 20-days of gestation, while the fetal uptake of 57Co-cyanocobalamin was increased significantly from 0.32 to 4.32,°0 of dose for the same gestation stage as above.
The uptake of 57Co-cyanocobalamin in the placenta after a single intravenous administration to rats of various gestation stage is shown in Table 3 . The distri bution to placenta presented as a percentage per one placenta of the maternal dose 24 hrs after injection was relatively large (1.0-2.7°0 of dose) and did not change very much among different gestation stages.
However the result showed the decreasing trend of the value with time after administration, for example the value for rats of 15 days of gestation stage at injection decreased from 2.7% of dose after 24 hrs to 0.6% of dose 6 days after administration.
The uptake of the 57Co-cyanocobalamin in the fetal membrane and fetal fluid was relatively small (0.02-0.1,00 of dose) and no significant change in the value with time after injection was found (Table 4 and 5). * Mean of total observation on each group of gestation stage (25-105 values).
Uptake of 57Co-cyanocobalamin in the placenta after intravenous administration to the pregnant rats.
The value was mean of 25 placentas and presented as percentage of initial maternal dose. Uptake of 57Co-cyanocobalamin in the fetal membrane after intravenour administration to the pregnant rats.
The value was mean of 25 fetal membranes and presented as percentage of initial maternal dose. * Mean of total observation on each group of gestation stage (14-155 values).
Uptake of 57Co-cyanocobalamin in the fetus after intravenous administration to the pregnant rats.
The value was mean of 14-43 fetuses and presented as percentage of initial maternal dose. Table 6 shows the uptake of 57Co-cyanocobalamin in the fetus after an intravenous injection to rats of 13-20 days of gestation.
In this case the radioactivity burden in the fetus 24 hrs after administration increased significantly with progress of gestation stage. The increase of the radioactivity uptake in the fetus was also observed with progression of time after administration. In case of rats of 14-days of gestation at the time of injection, 0.3% of initial maternal dose per one fetus on the first day increased to 3.1% of dose 6 days after administration.
The whole-body retention of 57Co-cyanocobalamin in rats of 7 and 14-days of gestation at the time of administration and that in their pups are shown in Fig. 1 and  2 . The whole-body retention of 57Co-cyanocobalamin in rats of 7 and 14-days of gest ation was 57.7 and 74.0% of dose before parturition and decreased to 42.4 and 31.0% of dose immediately after the parturition, respectively.
The whole-body retention of nursed by an intact foster mother. x : Sucklings born from an intact mother and nursed by a 57Co-contaminated mother .
The contaminated rat was dosed 57Co-cyanocobalamin on 7th day of gestation.
The vertical bars represent standard deviation. 57Co in one suckling rat born of contaminated mother and nursed by the same mother was 1.3 and 3.7%, soon after parturition, of initial maternal dose for 7 and 14-days of gestation at dosing respectively, and then gradually increased to 2.0 and 4.5% of dose at 22 days after parturition.
The whole-body retention of 57Co in suckling born of 57Co cyanocobalamin contaminated mother and nursed by an intact foster mother soon after parturition was 1.3 and 3.6% of initial maternal dose for 7 and 14-days of gest ation at dosing respectively, followed by a very slow exponential dncrease to 1.1 and 3.1% of dose 22 days after parturition. While the whole-body retention of 57Co in a suckling rat born of uncontaminated mother and nursed by foster mother contaminat ed on 7 and 14-days of gestation was 1.7 and 1.3% of dose at 22 days after parturi tion respectively. The whole-body retention of J7Co-cyanolobalamin in rats of 20 days of gestation and their pups is shown in Fig. 3 . The whole-body retention of J7Co -cyanocobalamin in rats of 20-days of gestation showed 97.7% of dose before parturition and 28.9% of dose at the parturition. The whole-body retention of 57Co in one suckling born of contaminated mother and nursed by the same moter was 6.0% of initial maternal does at the parturition, being followed by a increase to 7 .3°0 of dose 10 days after parturition and than decrease to 5 .9% of dose at 34 days after parturition.
The whole-body retention of 57Co in suckling born of uncontaminated mother and nursed by 57Co-contaminated foster mother was 1.9°0 of dose at 21 days after parturition being followed by a very slow decrease to 1.7% of initial maternal dose after 34 days after parturition. Fig. 2 . Whole-body retention of 57Co-cyanocobalamin after intravenous administration to rats of 14-days of gestation. -s-:
Rats dosed on 14th day of gestation . -0-:
Sucklings born from a 57Co -contaminated mother and nursed by the same mother. -Li : Sacklings born from a 67Co -contaminated mother and nursed by an intact foster mother. -x-:
Sucklings born from an intact mother and nursed by a 57Co-contaminated mother .
The contaminated rat was dosed 57Co-cyanocobalamin on 14th day of gestation.
The vertical bars represent standard devia tion. Sucklings born from a 57Co-contaminated mother and nursed by an intact foster mother.
Sucklings born from an intact mother and nursed by a 57Co -contaminated mother.
The contaminated rat was dosed b7Co-cyanocobalamin on 20th day of gestation.
The vertical bars represent standard devia tion.
DISCUSSION
The present experiment reveals that transplacental transfer of radiocobalt in cyanocobalamin form is much greater than that of chloride form. Since the average number of fetus in one litter was about 12, it can be said that about a half of dose was transferred to the fetuses when a pregnant rat of 20-days gestation age was given J1Co-cyanocobalamin. The fetal uptake of s°CoCl2 24 hrs after intravenous ad ministration to pregnant rat slightly increased with the progress of gestation age at the administration but taking account of the growth of the fetus the value expressed in terms of concentration of "Co 24 hrs after injection decreased on the contrary.
In the case of J7Co-cyanocobalamin the fetal uptake 24 hrs after intravenous administration to pregnant rat increased markedly when the time of injection was in later stage of pregnancy. This fact appears to relate to the body size of the fetus because the concentration of 57Co in fetus 24 hrs after administration is roughly the same for all gestation age groups observed. The present result agrees with the result of Killander and Salmi who studied the vitamin B1, content of human fetal tissues and found no correlation between B12 concentration and stage of fetal development.''" Fetal accumulation of 57Co-cyanocobalamin increased with time after injection and the retrograde transfer of net activity from fetus to mother was not observed. Although we did not study on this point for 60CoC12 in the present experiment, Matsusaka studied the relationship between the fetal uptake of CoC12 and the gestation age at dosing in mice."
He reported that radioactive cobalt chloride burden in fetus reached to the maximum 6 hrs after intravenous administration and that the retrograde transfer from the fetus to the mother has been demonstrated.
This retrograde transfer has been observed also for other radionuclides10' and the case of 5iCo-cyanocobalamin is a good contrast to these cases.
The amount of 57Co-cyanocobalamin in the placenta is the greatest immediately after administration followed by a gradual decrease thereafter. Since the amount of radiocobalt transferred through placenta in both chemical forms is greater than that accumulated in placenta, this organ does not seem to play a role as a barrier to both forms of radiocobalt.
The result of the experiment by means of the foster mother method also shows the effect of the gestation age at the time of administration on the transplacental transfer of 57Co-cyanocobalamin.
The fact that the later the gestation age at dosing the greater the amount of transplacental 57Co-cyanocobalamin in the new born rats may be partly due to the excretion from the mother rat during the gestational period after the dosing.
There has been little information about the transport of radiocobalt via breast milk to sucklings.
The present experiment showed that the 1-2% of maternal dose of o7Co-cyanocobalamin were transferred via milk. So far as the result of the present experiment is concerned, the amount of milk-born cyanocobalamin in sucklings is independent of the gestation age at the time of dosing.
For the whole-body burden of 57Co-cyanocobalamin in suckling rat just before the weaning, therefore, the contri bution of milk-born cyanocobalamin is greater than that of transplacental when the mother rat was given 57Co-cyanocobalamin on the 7-days of gestation age, while in the case of dosing on 14 and 20-days of gestation age the milk-born is smaller than the transplacental.
The results obtained in the present study suggest that radioactive cobalt in the form of cyanocobalamin would give rise to significantly greater radiation dose to fetus than that in inorganic form and that the milk-born transfer to suckling is also considerably significant. In view of the fact that many marine organisms usually contain cyanocobalamin to a certain extent, further studies on the metabolic behaviour of radioactive cobalt in this form should be promoted.
